WO 2005/064175 



PCT/BB2004/004048 



CONSTANT VELOCITY UNIVERSAL JOINT 
BACKGROI Jls fH OF THK INVENTION 

1. Field of the Invention 

[0001] The invention relates to a constant velocity universal joint in which a double 
roller type roller unit is fitted to a leg shaft. More specifically,, the invention relates to a 
constant velocity universal joint in which a convex sphere is formed in a leg shaft, and a 
concave sphere which is engaged with the convex sphere is formed in an inner roller of the 
roller unit. 

2. Description of the Related Art 

[0002] A constant velocity universal joint is used in a drive shaft for a vehicle, and the 
like. The constant velocity universal joint connects two shafts on a drive side and a 
driven side such that a rotational force can be transmitted in a constant velocity even when 
there is an angle between the two shafts. A constant velocity universal joint including a 
leg shaft and a roller, for example, a tripod constant velocity universal joint is known. In 
the case of the tripod constant velocity universal joint, an inner joint member is connected 
to one shaft, an outer joint member is connected to the other shaft, and a roller fitted to the 
leg shaft is housed in the guide groove of the outer joint member, whereby the two shafts 
are connected to each other and torque is transmitted. The inner joint member includes 
three leg shafts that protrude in a radial direction. The outer joint member is a hollow 
cylinder including three guide grooves that extend in an axial direction of the outer joint 
member. 

[0003] As shown in FIG. 10, in the tripod type constant velocity universal joint that is 
known, a roller 6 includes an inner roller 6b and an outer roller 6a that can be moved in the 
axial direction with respect to each other such that the roller 6 can be moved in parallel 
along a guide groove 2a formed in an outer joint member 2. A convex sphere is formed in 
a tip portion of a leg shaft 5a, and a concave sphere is formed in an inner peripheral surface 
of the inner roller 6b such that the leg shaft 5a and the inner roller 6b can be oscillated with 
respect to each other (for example, refer to Japanese Patent Laid-Open Publication No. 
2002-147482). With the configuration, when a joint 1 is rotated with a joint angle being 
present, the inner roller 6b fitted to the leg shaft 5a is moved in the axial direction with 
respect to the outer roller 6a. However, the outer roller 6a is moved only in parallel along 
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the guide groove 2a. Therefore, less friction occurs as compared to when the entire roller 
6 is displaced in the axial direction. Thus, it is possible to suppress a thrust force of the 
outer joint member 2 in the axial direction that is generated due to the friction, and 
vibration generated due to the thrust force. 
5 [0004] In such a constant velocity universal joint having the aforementioned structure, 
the outer roller may make angular contact with the guide groove of the outer joint member 
in order to make the posture of the outer roller stable. FIG. 11 shows a case where the 
outer roller 6a makes angular contact with the guide groove 2a of the outer joint member 2. 
The outer roller 6a makes contact with the guide groove 2a at contact points A and B that 

10 are symmetrical with respect to a plane which passes through the center of the outer roller 
6a in the axial direction and which is perpendicular to the axis. 

[0005] However, when the outer roller makes angular contact with the groove of the 
outer joint member, since a contact point between the leg shaft and the inner roller is 
moved due to rotation of the constant velocity universal joint, the thrust force is generated 

15 in the axial direction of the outer joint member (hereinafter, referred to as "Z-axis 
direction' 5 ), and vibration of the constant velocity universal joint member is generated due 
to the thrust force, as described in detail below. 

[0006] The reason why the aforementioned thrust force is generated will be described 
in detail with reference to FIG. 1 1 . When the constant velocity universal joint 1 is rotated 

20 with the joint angle being present, the leg shaft 5a and the inner roller 6b fitted to the leg 
shaft 5a are moved in both axial directions of the inner roller 6b (hereinafter, referred to as 
"Y-axis direction"), friction occurs between the inner roller 6b and a needle bearing 7. 
Therefore, the contact point between the leg shaft 5a and the inner roller 6b is moved along 
the inner sphere of the inner roller 6b as shown by an arrow D so that force balancing with 

25 the frictional force is generated at the contact point. 

[0007] When the contact point between the leg shaft 5a and the inner roller 6b is 
moved as shown by the arrow D as described above, moment Mz around the Z-axis is 
generated between the outer roller 6a and the needle bearing 7. In order to balance with 
the moment Mz, a contact load Fk is generated, for example, at a point K on a rear surface 

30 side which is opposed to a side where a load is applied. When the roller unit 6 is moved 
in the Z-axis direction while the contact load Fk is applied, a frictional force Rk is 
generated at the point K. Further, moment My around the Y-axis is generated due to the 
frictional force Rk. Therefore, in order to balance the moment My generated due to the 
frictional force Rk, frictional forces Ra and Rb are generated also at the contact points A 
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and B between the outer roller 6a and the outer joint member 2 on the side where the load 
is applied. FIG. 12 is a diagram explaining the directions and the magnitudes of the 
frictional forces Ra and Rb. FIG 12 a schematic arrow cross-sectional view taken along 
line XH -XII in FIG. 11. As shown in FIG 12, the frictional forces Ra and Rb that are 
5 generated at the contact points A and B in order to make the moment My zero are applied 
in the same direction as the direction in which the frictional force Rk is applied. 
Therefore, the thrust force is a resultant force of the three frictional forces Rk, Ra, and Rb 
as shown by an equation 1. Also, the frictional forces Ra and Rb are obtained according 
to an equation 2 indicating balance between the frictional forces Ra and Rb and the 

10 moment My. Thus, the large thrust force in the Z-axis direction is generated when the 
contact point between the leg shaft 5a and the inner roller 6b is moved. 
(Equation 1) Thrust force = - (Rk + Ra + Rb) 
(Equation 2) My = Rk * dl - (Ra + Rb) * d2 = 0. 

In the equation 2, dl indicates a length in an X-axis direction from an axis of the inner 

15 roller to the point K, and d2 indicates a length in the X-axis direction from the axis of the 
inner roller to the point A (or point B). 

SU MMA RY O F THE INVENTI ON 
[0008] In view of the above, it is an object of the invention to provide a constant 

20 velocity universal joint in which a thrust force generated during rotation can be suppressed. 

[0009] An aspect of the invention relates to a constant velocity universal joint 
including (a) a hollow outer joint member in which plural guide grooves extending in an 
axial direction of the outer joint member are formed in an inner peripheral surface in an 
axial direction, and which is connected to a first shaft; (b) an inner joint member which is 

25 connected to a second shaft, and which is housed in the outer joint member; (c) plural leg 
shafts provided in the inner joint member, each of which protrudes in a radial direction of 
the second shaft, and in each of which a convex sphere is formed in a tip portion; and (d) a 
roller unit including an inner roller in which a concave sphere that is engaged with the 
convex sphere of each of the leg shafts is formed in an inner peripheral surface, and an 

30 outer roller which is housed in each of the guide grooves of the outer joint member so as to 
be slidable, the inner roller and the outer roller being movable with respect to each other in 
an axial direction of the inner roller and the outer roller through a rolling body, wherein 
each of the leg shafts and the inner roller can be oscillated with respect to each other, 
wherein (e) the leg shafts and the inner roller can be oscillated with respect to each other. 
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The constant velocity universal joint is characterized in that (f) a cylindrical surface is 
formed in a radially outer surface of the outer roller; (g) a flat engagement surface which is 
engaged with the cylindrical surface of the outer roller is formed in a lateral surface of each 
of the guide grooves of the outer joint member; and (h) the cylindrical surface of the outer 
5 roller satisfies following two equations. 

(equation 3) Wl > PCR (1 - cos 8) / 2 + J^R 3 + JU^RI 

(equation 4) W2 > 3PCR (1 - cos 0) / 2 - ^ 4- jl^RI 

In these equations, Wl indicates a length in an axial direction of the cylindrical surface 
from a center of the cylindrical surface in the axial direction to an end portion of the 

10 cylindrical surface on an outer peripheral side of the outer joint member, W2 indicates a 
length in the axial direction of the cylindrical surface from the center of the cylindrical 
surface in the axial direction to an end portion of the cylindrical surface on a joint center 
side of the outer joint member, PCR indicates a distance from an axis of the inner joint 
member to a center of the convex sphere of each of the leg shafts, 8 indicates a required 

15 maximum joint angle, Rl indicates a radius of the cylindrical surface of the outer roller, R 3 
indicates a radius of the concave sphere of the inner roller, jt^ indicates a friction coefficient 
when the inner roller is moved with respect to the outer roller in an axial direction of the 
inner roller (16), and indicates a friction coefficient between the convex sphere of each 
of the leg shafts and the concave sphere of the inner roller. 

20 [0010] In the constant velocity universal joint having the aforementioned structure, the 
right side of the equation 3 indicates a distance in the axial direction of the outer roller 
from the center of the cylindrical surface in the axial direction to a position where a load is 
concentrated (hereinafter, referred to as "load concentration position"), in the case where 
the leg shaft has been moved to an outer side of the outer joint member in the radial 

25 direction to the fullest extent. The right side of the equation 4 indicates a distance in the 
axial direction of the outer roller from the center of the cylindrical surface in the axial 
direction to the load concentration position, in the case where the leg shaft has been moved 
to a joint center side of the outer joint member in the radial direction to the fullest extent. 
Therefore, when the length of the cylindrical surface of the outer roller in the axial 

30 direction is set so as to satisfy the equations 3 and 4, the load concentration position of the 
outer roller is prevented from moving out of the cylindrical surface of the outer roller as 
long as the joint angle is equal to or smaller than the maximum joint angle 8. Therefore, 
the moment for tilting the outer roller, which is generated when the contact point between 
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the leg shaft and the inner roller is moved, is absorbed between a flat surface portion of the 
guide groove of the outer joint member and the cylindrical surface of the outer roller. As 
a result, a contact load which is generated on the rear surface side is reduced, and 
accordingly, the fractional force is reduced. Thus, the thrust force can be suppressed 
5 during rotation. 

[0011] Also, in the aforementioned constant velocity universal joint, a taper surface 
whose diameter decreases toward an end portion may be formed in each of axially both 
sides of the cylindrical surface of the outer roller, and a taper surface may be formed in the 
lateral surface of each of the guide grooves at a portion opposed to each taper surface of 
10 the outer roller, the taper surface formed in the lateral surface of each of the guide grooves 
becoming closer to a plane including an axis of the outer roller and an axis of the outer 
joint member toward each of axially both sides of the outer roller 

[0012] A chamfer that is a curved surface may be formed on each of axially both sides 
of the cylindrical surface of the outer roller. 
15 [0013] Further, a concave curved surface may be formed in the lateral surface of each 
of the guide grooves at a portion opposed to each chamfer of the outer roller. 

[0014] In the aforementioned constant velocity universal joint, a taper surface whose 
diameter decreases toward an end portion may be formed in each of axially both sides of 
the cylindrical surface of the outer roller, and a convex curved surface which protrudes 
20 toward an inner side of the outer joint member may be formed in the lateral surface of each 
of the guide grooves at a portion opposed to each taper surface of the outer roller. 

[0015] With the constant velocity universal joint having the aforementioned structure, 
it is possible to more reliably prevent an end surface of the outer roller on the axially outer 
side from making contact with the inner surface of the outer joint member. Further, it is 
25 easy to manufacture the constant velocity universal joint in which the chamfer that is the 
curved surface is formed on each of axially both sides of the cylindrical surface of the 
outer roller, and the concave curved surface is formed in the lateral surface of each of the 
guide grooves at the portion opposed to each chamfer of the outer roller. 

30 BRIBE DESCRIPTION OF THE DRAWINGS 

[0016] The above mentioned and other objects, features, advantages, technical and 
industrial significance of this invention will be better understood by reading the following 
detailed description of exemplary embodiments of the invention, when considered in 
connection with the accompanying drawings, in which: 
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FIG 1 is a cross sectional view of a constant velocity universal joint according to an 
embodiment of the invention, which is taken along a plane perpendicular to an axis of an 
outer joint member; 

FIG 2 is a cross sectional view of the constant velocity universal joint in FIG. 1, taken 
5 along a plane including the axis of the outer joint member; 

FIG 3 is a cross sectional view of the constant velocity universal joint taken along the 
same plane as in FIG 1, which explains a length Wl in an axial direction of the cylindrical 
surface from a center of a cylindrical surface in the axial direction to an end portion of the 
cylindrical surface on an outer peripheral side of the outer joint member; 
10 FIG 4 is an enlarged view of a main portion in FIG 3; 

FIG 5 is a cross sectional view of the constant velocity univer sal joint, taken along the 
same plane as in FIG 1, which explains a length W2 in the axial direction of the cylindrical 
surface from the center of the cylindrical surface in the axial direction to an end portion of 
the cylindrical surface on a joint center side of the outer joint member; 
15 FIG 6 is an enlarged view of a main portion in FIG 5; 

FIG 7 is an enlarged view showing part of an outer roller and part of an outer joint 
member in a constant velocity universal joint according to a first modified example of the 
embodiment, which is different from the constant velocity universal joint in FIG 1; 
FIG 8 is an enlarged view showing part of an outer roller and part of an outer joint 
20 member in a constant velocity universal joint according to a second modified example of 
the embodiment, which is different from the constant velocity universal joints in FIG 1 and 
FIG 7; 

FIG 9 is an enlarged view showing part of an outer roller and part of an outer joint 
member in a constant velocity universal joint according to a third modified example of the 
25 embodiment, which is different from the constant velocity universal joints in FIG 1 , FIG 7, 
and FIG 8; 

FIG 10 is a view showing a constant velocity universal joint according to a 
conventional example, which is disclosed in Japanese Patent Laid-open Publication No. 
2002-147482; 

30 FIG 1 1 is a view showing a constant velocity universal joint according to a 

conventional example, in which an outer roller makes angular contact with a guide groove 
of an outer joint member; and 

FIG 12 is a schematic cross sectional view taken along line XII - XII in FIG 11, which 
explains directions and magnitudes of factional forces Ra and Rb generated at contact 
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DFTATT.BP DESCRIPTION OF THE PKFFKRREP EMBODI ME NT S 
[0017J In the following description and the accompanying drawings, the present 
5 invention will be described in more detail in terms of exemplary embodiments. FIG. 1 is 
a cross sectional view of a constant velocity universal joint 10 according to the invention, 
taken along a plane perpendicular to an axis axl of an outer joint member 12. FIG. 2 is a 
cross sectional view of the constant velocity universal joint 10, taken along a plane 
including the axis axl of the outer joint member 12. 

10 [0018] The constant velocity universal joint 10 is of double roller type, and includes 
the outer joint member 12, an inner joint member 14, and a roller unit 15. The outer joint 
member 12 is a hollow member, and has a bottom portion 20 at one end in an axial 
direction. The other end (not shown) of the outer joint member 12 in the axial direction is 
opened. A first shaft 22 is connected to the bottom portion 20 of the outer joint member 

15 12 such that the axis of the first shaft 22 overlaps with the axis axl of the outer joint 
member 12, whereby the outer joint member 12 and the first shaft 22 are integrated. 
Three guide grooves 24 extending in the direction of the axis axl are formed at equal 
intervals in a circumferential direction in an inner peripheral surface of the outer joint 
member 12 (FIG. 1 shows only one guide groove 24). 

20 [0019] The inner joint member 14 is introduced from an opening portion (not shown) 
of the outer joint member 12 to the inside of the outer joint member 12, and thus the inner 
joint member 14 is housed in the outer joint member 12. The inner joint member 14 
includes a cylindrical boss portion 26. A second shaft 28 is fitted into the boss portion 26 
such that the second shaft 28 cannot be rotated with respect to the boss portion 26. Three 

25 leg shafts 30 protrude from the boss portion 26 in a radial direction (FIG 1 shows only one 
leg shaft). The three leg shafts 30 protrude at equal intervals in the circumferential 
direction. A convex sphere 30a is formed at a tip portion of each of the leg shafts 30. 

[0020] The roller unit 15 includes an inner roller 16 and an outer roller 1 8. The inner 
roller 16 is a cylindrical member. A concave spheres 16a are formed in an inner 

30 peripheral surface of the inner roller 16. The concave sphere 16a is engaged with the 
convex sphere 30a of each leg shaft 30 at the entire portion in the circumferential direction. 
The inner roller 1 6 cannot be moved with respect to the leg shaft 30 in the direction of the 
axis ax2, and can be rotated around the axis ax2. Also, the inner roller 16 is fitted to the 
leg shaft 30 such that the inner roller 16 and the leg shaft 30 can be oscillated with respect 
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[0021] The outer roller 1 8 is a cylindrical member. The inner roller 16 is fitted in an 
inner peripheral side of the outer roller 18. The axis of the outer roller 18 matches the 
axis ax2 of the inner roller 16. Also, the outer roller 1 8 is housed in the guide groove 24 
5 such that the outer roller 1 8 cannot be moved in the direction of the axis ax2, and can be 
slid in the direction of axis axl of the outer joint member 12. The radially outer surface 
of the outer roller 18 includes a cylindrical surface 18a and taper surfaces 18b which are 
formed on axially both sides of the cylindrical surface 18a. Each of the taper surfaces 
18b is formed such that the radius linearly decreases toward an end portion. 

10 [0022] The guide groove 24 which houses the outer roller 18 includes paired flat 
lateral surfaces 24a, paired inner taper lateral surfaces 24b, paired outer taper lateral 
surfaces 24c, and a connection surface 24d. The lateral surfaces 24a are parallel with a 
plane including the axis axl of the outer joint member 12 and the axis ax2 of the outer 
roller 1 8. Each of the inner taper lateral surfaces 24b is connected to an inner line (on the 

15 joint center side of the outer joint member 12 in the radial direction) of each of the flat 
lateral surfaces 24a. Each of the outer taper lateral surfaces 24c is connected to an outer 
line of each of the flat lateral surfaces 24a. The connection surface 24d connects the 
paired outer taper surfaces 24c. 

[0023] The length of each of the flat lateral surfaces 24a in a width direction is the 

20 same as the length of each cylindrical surface 18a of the outer roller 18 in the axial 
direction. Each of the paired flat lateral surfaces 24a is engaged with the cylindrical 
surface 18a of the outer roller 18 at the entire portion in the width direction. Therefore, 
the flat lateral surfaces 24a serve as the engagement surfaces. Each of the inner taper 
lateral surfaces 24b and the outer taper lateral surfaces 24c is formed so as to become 

25 closer to the plane including the axis ax2 of the outer roller 1 8 and the axis axl of the outer 
joint member 12 toward both sides in the direction of the axis ax2 of the outer roller 18. 
The inclination of each of the inner taper lateral surfaces 24b and the outer taper lateral 
surfaces 24c is milder than that of each taper surface 18b of the outer roller 18 such that 
each inner taper lateral surface 24b and each outer taper lateral surface 24c do not have 

30 contact with each taper surface 18b and each end surface of the outer roller 18 in the axial 
direction. 

[0024] Plural needle rollers 32 which serve as rolling bodies are provided in the 
circumferential direction between the outer roller 18 and the inner roller 16 that constitute 
the roller unit 15. Snap rings 34 and 36 for preventing the needle rollers 32 from 
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dropping off between the outer roller 18 and the inner roller 16 are fixed at axially both end 
portions of the inner peripheral surface of the outer roller 1 8. 

[0025] Further, the length of the cylindrical surface 18a of the outer roller 18 is set so 
as to satisfy an equation 3 and an equation 4 described below. 
5 (Equation 3) Wl > PCR (1 - cos 6) / 2 + f^R3 + ^Rl 
(equation 4) W2 > 3PCR (1 - cos 6) / 2 - ^R3 + ^Rl 

In these equations, Wl indicates a length in an axial direction of the cylindrical surface 
from a center of the cylindrical surface 18a in the axial direction to an end portion of the 
cylindrical surface on an outer peripheral side of the outer joint member 12, W2 indicates a 

10 length in the axial direction of the cylindrical surface from the center of the cylindrical 
surface 18a in the axial direction to an end portion of the cylindrical surface on a joint 
center side of the outer joint member 12, PCR indicates a distance from an axis of the inner 
joint member 14 to a center of the convex sphere 30a of each of the leg shafts 30, 6 
indicates a required maximum joint angle, Rl indicates a radius of the cylindrical surface 

15 18a of the outer roller 18, R3 indicates a.radius of the concave sphere 16a of the inner 
roller 16, ^indicates a friction coefficient between the inner roller 16 and the needle roller 
32, and |% indicates a friction coefficient between the convex sphere 30a of each of the leg 
shafts 30 and the concave sphere 1 6a of the inner roller 1 6. 

[0026] Next, the equation 3 will be described in detail with reference to FIG3 and FIG 

20 4. In the constant velocity universal joint 10, the convex sphere 30a is formed at the tip 
of each of the leg shafts 30, and the concave sphere 16a that is engaged with each convex 
sphere 30a is formed in the inner peripheral surface of the inner roller 16. Therefore, 
when the constant velocity universal joint 10 is rotated with a joint angle being present, 
each of the leg shafts 30 and the inner roller 16 are moved with respect to the outer roller 

25 1 8 in both directions of the axis ax2, and a contact point C between the leg shaft 30 and the 
inner roller 16 is moved. Therefore, moment Mz around the axis axl (hereinafter, 
referred to as "Z-axis") of the outer joint member 12, which tilts the outer roller 18 in a 
direction perpendicular to the Z-axis, is generated, 

[0027] If the length of the cylindrical surface 18a of the outer roller 18 in the axial 

30 direction and the length of the flat lateral surface 24a of the guide groove 24 in the width 
direction are sufficiently long, a load is applied to the cylindrical surface 18a and the flat 
lateral surface 24a due to the moment Mz. It can be regarded that the load is applied at 
one point. The position of the point in the direction of the axis ax2 of the inner roller 16 
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(hereinafter, referred to as "Y-axis") is referred to as "load concentration position P'\ The 
load concentration position P is moved when the contact point C between the leg shaft 30 
and the inner roller 16 is moved. 

[0028] The maximum joint angle 0 is the maximum value in a joint angle range in 
5 which occurrence of the thrust force and vibration caused due to the thrust force are 
required to be reduced. When the constant velocity universal joint 1 0 is rotated while the 
joint angle is the maximum joint angle 0, a length from a center O, of the outer roller 18 
(that is, a center 0 2 of the convex sphere 30a of the leg shaft 30 while the joint angle is 0 
degree) to an uppermost load concentration position Pj in the Y-axis direction is the sum of 

10 a leg shaft movement amount D (0), a leg shaft contact point movement amount L, and a 
length S in the Y-axis direction from the contact point C to the load concentration position 
P (in the equation 3, the uppermost load concentration position Pj), as shown in FIG. 3 and 
an equation 5 described below. The uppermost load concentration position Pj is the load 
concentration position P when the center 0 2 of the convex sphere 30a of the leg shaft 30 

15 has been moved to an outer side of the outer joint member 12 in the radial direction to the 
fullest extent. The leg shaft movement amount D (0) is the amount of movement of the 
convex sphere 30a of the leg shaft 30 while the joint angle is 0 degree. The leg shaft 
contact point movement amount L is a length in the Y-axis direction from the center 0 2 of 
the convex sphere 30a td the contact point C between the leg shaft 30 and the inner roller 

20 16. 

(Equations) D(0) + L+S 

[0029] The leg shaft movement amount D (0) is obtained by a geometrical calculation 
based on a pitch circle radius PCR of the leg shaft 30 (that is, a distance from the axis axl 
of the inner joint member 14 to the center 0 2 of the convex sphere 30a of the leg shaft 30), 
25 and the maximum joint angle 0, according to an equation 6 described below. 

(Equation 6) D (0) = PCR (1-cos 0) / 2 

[0030] As apparent from FIG 4, the leg shaft contact point movement amount L is 
obtained according to an equation 7 described below. 

(Equation 7) L = R3 * sin y 
30 In the equation 7, R3 is a radius of the convex sphere 16a of the inner roller 16. Since the 
value of Y is extremely small, it can be considered that sin Y is substantially equal to tan y. 
The value of tan y is obtained according to an equation 8 indicating balance between forces 



WO 2005/064175 



PCT/IB2004/004048 



in the Y-axis direction at the contact point C. 

(Equation 8) F x tan y = fv x cos y + fi 
In the equation 8, F indicates a load applied to the inner roller 16 from the leg shaft 30 
when the leg shaft 30 is rotated, fV indicates a firictional force that is generated when the 
5 contact point C is moved, and fi indicates a fiictional force between the needle roller 32 
and the inner roller 16. When ^ indicates the fiictional coefficient between the inner 
roller 16 and the needle roller 32, and ji* indicates the fiictional coefficient between the 
convex sphere 30a of the leg shaft 30 and the concave sphere 16a of the inner roller 16, fv 
and fi are obtained according to an equation 9 and an equation 10, respectively. 
10 (Equation 9) fv = j^F/cos y 

(Equation 10) fi = 1^ *F 
By substituting the equation 9 and the equation 10 in the equation 8, an equation 11 is 
obtained as described below. 

(Equation 11) tan y (which is substantially equal to sin y) = lh + Hj 
15 Accordingly, the leg shaft contact point movement amount L is obtained according to an 
equation 12 described below. 

(Equation 12) L = R3 * sin y = R3 (|l%+ jJj) 

[0031] Also, the length S in the Y-axis direction from the contact point C to the 
uppermost load concentration position P 5 is obtained according to an equation 13 
20 indicating balance of the moment Mz concerning the inner roller 1 6 and the outer roller 1 8. 
(Equation 13) 

Mz = -(R1 -R3) *(F xtany-fv *cosy) + F *S = 0 
Since an 'equation 14 is obtained based on FIG 4, the equation 13 can be changed to an 
equation 15 as described below. 
25 (Equation 14) F x tan Y - fv x cos y = fx 

(Equation 15) -(Rl -R3) *fi + F *S = 0 
Further, by substituting the equation 15 in the equation 10, an equation 16 is obtained as 
described below. 

(Equation 16) - (Rl - R3) x^xF+F*S=0 
30 By changing the equation 1 6, an equation 1 7 is obtained as described below. 

(Equationl7) S^*^ -R3) 

[0032] Based on the equation 6, the equation 12, and the equation 17, the equation 5 
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indicating the length in the Y-axis direction from the center 0 } of the outer roller 18 to the 
uppermost load concentration position P, is changed to an equation 18 described below. 
Thus, the right side of the equation 3 is obtained. 
(Equation 1 8) PCR (1 - cos 0) / 2 + ^K3 + ^Rl 
5 [0033] Accordingly, when Wl indicates the length in the axial direction of the 
cylindrical surface from the center of the cylindrical surface 18a of the outer roller 18 in 
the axial direction to the end portion of the cylindrical surface 18a on the outer peripheral 
side of the outer joint member 12, and Wl satisfies the equation 3, the load concentration 
position P is prevented from moving out of the cylindrical surface 18a toward the upper 

10 side (that is, the outer peripheral side of the outer joint member). 

[0034] Next, the equation 4 will be described with reference to FIG. 5 and FIG. 6. 
When the constant velocity universal joint 10 is rotated while the joint angle is the 
maximum joint angle 0, a length in the Y-axis direction from the center O x of the outer 
roller 18 to a lowermost load concentration position P 2 is a value obtained by adding the 

15 length S in the Y-axis direction from the contact point C to the load concentration position 
P (in the equation 4, the lowermost load concentration position P 2 ) to a value obtained by 
subtracting the leg shaft contact point movement amount L from the leg shaft movement 
amount D (9), as shown in FIG 5 and an equation 19. The lowermost load concentration 
position P 2 is the load concentration position P when the center 0 2 of the convex sphere 

20 30a of the leg shaft 30 has been moved to the joint center side of the outer joint member 12 
in the radial direction to the fullest extent. 
(Equationl9) D(0)-L + S 

[0035] The leg shaft movement amount D (0) is obtained by a geometric calculation 
based on the pitch circle radius PCR of the leg shaft 30 and the maximum joint angle 0, 
25 according to an equation 20 described below. 

(Equation 20) D (0) = 3PCR (1 - cos 0) / 2 

[0036] As apparent from FIG. 6, the leg shaft contact point movement amount L is 
obtained according to the aforementioned equation 7. 

(Equation 7) L = R3 *sinY 
30 Also, since the value of y is extremely small, it can be considered that sin Y is substantially 
equal to tan Y- The value of tan Y can be obtained according to an equation 21 indicating 
balance between forces in the Y-axis direction at the contact point C. 
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(Equation 21) F * tan y = fv x cos y - fi 
By substituting the equation 9 and the equation 10 in the equation 21, an equation 22 is 
obtained as described below. 

(Equation 22) tan y (substantially equal to sin y) — lh - Hz 
Accordingly, the leg shaft contact point movement amount L is obtained according to an 
equation 23 described below. 

(Equation 23) L = R3 * sin y = R3 0% - jUz) 

[0037] The length S in the Y-axis direction from the contact point C to the lowermost 
load concentration position P 2 is obtained according to an equation 24 indicating balance of 
the moment Mz concerning the inner roller 16 and the outer roller 18. 

(Equation 24) 
Mz = - (Rl - R3) x (F *tany-fv x cosy)-F X S = 0 

Using the equation 14, the equation 24 can be changed to an equation 25 as described 
below. 

(Equation25) - (Rl - R3) *(-fi)-F x S = 0 
Further, by substituting the equation 10 in the equation 25, an equation 26 is obtained as 
described below. 

(Equation 26) (Rl -R3) ^xp + p *S = 0 
By changing the equation 26, an equation 27 is obtained as described below. 

(Equation 27) S = & (Rl - R3) 

[0038] Based on the equation 20, the equation 23, and the equation 27, the equation 19 
indicating the length in the Y-axis direction from the center O, of the outer roller 18 to the 
lowermost load concentration position P 2 is changed to an equation 28 described below. 
Thus, the right side of the equation 4 is obtained. 

(Equation 28) 3PCR (1 - cos 0) / 2 - j^R3 + jl^RI 

[0039] Accordingly, when W2 indicates the length in the axial direction of the 
cylindrical surface 1 8a from the center of the cylindrical surface 18a of the outer roller 18 
in the axial direction to the end portion of the cylindrical surface 1 8a on the joint center 
side of the outer joint member 12, and W2 satisfies the equation 4, the load concentration 
position P is prevented from moving out of the cylindrical surface 18a toward the lower 
side (the joint center side of the outer joint member). 

[0040] As described so far, according to the embodiment, the right side of the equation 
3 indicates the distance in the direction of the axis ax2 of the outer roller 1 8 from the center 
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of the cylindrical surface 18a in the axial direction to the load concentration position P in 
the case where the leg shaft 30 has been moved to the outer side of the outer joint member 
12 in the radial direction to the fullest extent. The right side of the equation 4 indicates 
the distance in the direction of the axis ax2 of the outer roller 1 8 from the center of the 
cylindrical surface 18a in the axial direction to the load concentration position P in the case 
where the leg shaft 30 has been moved to the joint center side of the outer joint member 12 
in the radial direction to the fullest extent. Therefore, when the length of the cylindrical 
surface 18a of the outer roller 1 8 in the axial direction is set so as to satisfy the equations 3 
and 4, the load concentration position P of the outer roller 1 8 is prevented from moving out 
of the cylindrical surface 18a of the outer roller 18 as long as the joint angle is equal to or 
smaller than the maximum joint angle 0. Therefore, the moment Mz for tilting the outer 
roller 18, which is generated when the contact point between the leg shaft 30 and the inner 
roller 16 is moved, is absorbed between the flat surface portion 24a of the guide groove 24 
of the outer joint member 12 and the cylindrical surface 18a of the outer roller 18. As a 
result, a contact load which is generated on the rear surface side is reduced, and 
accordingly, the frictional force is reduced. Thus, the thrust force can be suppressed 
during rotation. 

[0041] According to the embodiment, the taper surfaces 18b are formed on axially 
both sides of the cylindrical surface 18a of the outer roller 1 8, and the taper lateral surfaces 
24b and 24c are formed in the lateral surface of the guide groove 24, at portions opposed to 
the taper surfaces 18b. Therefore, it is possible to more reliably prevent the end surface 
of the outer roller 18 on the axially outer side from making contact with the inner surface 
of the outer joint member 12. Accordingly, it is possible to further suppress the frictional 
force generated due to contact therebetween, and the thrust force due to the frictional force. 

[0042] Although the embodiment of the invention has been described in detail with 
reference to the accompanying drawings, the invention can be realized in other 
embodiments. 

[0043] For example, in the aforementioned embodiment, the taper surfaces 1 8b are 
formed on axially both sides of the cylindrical surface 18a of the outer roller 18, and the 
taper lateral surfaces 24b and 24c are formed in the lateral surface of the guide groove 24 
at the portions opposed to the taper surfaces 1 8b. However, the invention is not limited to 
the embodiment. For example, as a first modified example, a chamfer 40 that is a curved 
surface may be formed on each of axially both sides of the cylindrical surface 18a of the 
outer roller 18, as a substitute of part of the taper surface 1 8b, as shown in FIG 7. Also, 
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as a second modified example, a chamfer that is a curved surface 40 may be formed on 
each of axially both sides of the cylindrical surface 1 8a of the outer roller 1 8 as a substitute 
of part of the taper surface 1 8b, and a concave curved surface 42 may be formed on each of 
both sides of the flat lateral surface 24a of the guide groove 24, as a substitute of each of 
5 part of the taper surfaces 24b and 24c, or as a substitute of each of the entire taper surfaces 
24b and 24c, as shown in FIG. 8. Also, as a third modified example, a convex curved 
surface 44 that protrudes toward the inner side of the outer joint member 12 may be formed, 
as shown in FIG 9. In the first modified example (FIG 7), the second modified example 
(FIG 8), and the third modified example (FIG 9), it is possible to more reliably prevent the 

10 end surface of the outer roller 18 on the axially outer side from making contact with the 
inner surface of the outer joint member 12, as in the aforementioned embodiment. Also, 
it is easy to manufacture the constant velocity universal joint in which chamfers 40 and 42 
are formed on axially both sides of the cylindrical surface 1 8a of the outer roller 1 8, and on 
both sides of the flat lateral surface 24a of the guide groove 24 as in the second modified 

15 example (FIG 8), as compared to the constant velocity universal joint in the 
aforementioned embodiment, the first modified example (FIG 7), and the third modified 
example (FIG 9). 

[0044] Also, in the aforementioned embodiment, three leg shafts 30 are provided. 
However, four or more leg shafts may be provided. 
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